Introduction
This paper is focused on the assessment of the usefulness of adaptive methods in demographic processes forecasting. As is generally known, adaptive methods do not need a decision of a prognostic as for the form of the trend function; furthermore this function and its parameters can vary with the flow of time. The selection of these methods in forecasting allows for taking into constant consideration newly occurring information and thus, for the implementation of the idea of sequential proceeding 1 . The goal of the paper is to conduct a retro and prospective analysis in the sphere of the changes of selected demographic values over time in Poland and to indicate an efficient forecasting method for the studied values in subsequent periods. The paper includes an empirical illustration of the forecasts formulated on the basis of the suggested methods and also a comparison of their results.
Three adaptive methods have been applied for the development of the forecasts. They are the method of creeping trend with harmonic weights, Holt's method and Brown's method. It is obvious that the very method of forecasting provides good results for some phenomena and for some others it does not. Thus it has been decided that each of the phenomena should be forecasted with the use of all the methods, and then the method that offers the most accurate forecast for a particular phenomena should be selected. Due to the fact that in the studied time series there occurs a systematic component in the form of trend and incidental fluctuations, trend models are also applied. Thereby it is possible to perform a comparative analysis of the results of the forecasts obtained with the use of four forecasting methods.
If the development trend and incidental fluctuations occur in time series, adaptive models, including Holt's model and the model of creeping trend as well as the aforementioned trend models, can be applied for forecasting. Selecting Brown's method may raise doubts. It is generally known that a simple model of exponential soothing is applied when a systematic component in the form of the stable level of the forecasted variable occurs in time series. This method is intentionally used in the research to show that in the type of series analysed in the study, this method is not applied due to serious projection errors. It ought to be remembered that when developing projections on the basis of this method, the forecaster assumes the principle of status quo, a passive attitude towards the projected phenomenon.
Errors of ex post forecasts are used for the assessment of forecast admissibility. Mean squared forecast error is calculated ex post in verification intervals. The presented forecast is considered admissible if the error is not higher than 5%.
Research material -short description
The study includes eight demographic variables that characterise both the condition and structure of population of Poland by age, as well as the demographic processes that significantly influence population growth, and thereby they determine the process of its reproduction. The time series from the period of 2000 to 2013 are the basis for the forecast preparation. The values that were taken into consideration included the population as of 31 December, the proportion of people aged 0-4, 15-64 and 65 and older in total population, raw birth rate, fertility rate, infant mortality rate and standardised 2 total mortality rate. Analysing the population situation in Poland, changes of a multidirectional nature can be observed (Figure 1a ). After the period of decline which occurred between 2000 and 2007, the population of Poland slightly increased, but as recently as in the last two years a decline in its number was observed again. As a result of favourable changes reported between 2008 and 2011, in the last year of the analysis, a population growth by 242 thousand people was observed in comparison to 2000. In a relative approach this gives a mean annual growth of 0.5%. With a population of 38,496 thousand in 2013, Poland was placed sixth in the European Union after Germany, France, Great Britain, Italy and Spain. The studies conducted by the author in the sphere of the demographic processes in the countries of Central and Eastern Europe (CEE) showed that in the period between 2000 and 2012, out of the fourteen states included in the analysis, only in Poland, Slovakia, Slovenia and the Czech Republic mean annual growth was observed. These favourable changes were significantly influenced by the surplus of births over deaths, which represents positive population growth.
In other countries of CEE a real decline in population could be observed. The largest, over 14%, was reported in the Baltic republics (Latvia, Lithuania), in Bulgaria (a decline of 10.5%) and in Ukraine (7.4%). Unfavourable changes in this sphere were caused both by negative population growth and the decrease in the number of people caused by migration.
According to the population projection developed by the UN (in mean option) in the perspective of 2050, the population potential of the studied group of states will decline from 303 million in 2012 to 254 million in 2050, which represents a decrease by over 16%. In the perspective of 40 years the largest real declines in population are forecasted for Bulgaria (30.7%), Moldova (30.2%) and in Ukraine (26%), while the smallest would be in Slovenia (1.6%) and in Slovakia (7.7%). In the middle of the 21st century Poland is expected to have a population of 34,079 thousand, that is 11% less than in 2012. Out of all the studied countries, population growth in 2050 in comparison with 2012 could only be predicted in the Czech Republic (6.8%) [Sojka 2013, p. 74] .
In the studied years the number of people aged 0-14 was constantly decreasing; the share of this group in the total population declined from 19.8% in 2000 to 15% in 2013 (Figure 1b ). Both the number as well as the share of children in the total population was constantly falling since the middle of the 1980s; at that time they constituted the quarter of the population and at the beginning of this century, it was less than 20%. On the other hand, a constant growth (by over 2%) of the rate of elderly people was observed. In 2013 it reached the level of 14.2% (Figure 1 d) . The demographic perspectives for Poland (also for Slovakia) until 2050 are not optimistic in this respect either, because according to a UN forecast they are going to be the countries that will be getting older the fastest among the group of the states of Central and Eastern Europe (the largest increase in the rate of people aged 60 and older by 16.5% and the largest growth of the age median of 10-11 years).
Population ageing is accompanied, and is going to be accompanied in the nearest future, by one more unfavourable trend, that is a decrease in the share of potential labour resources in the total population (Figure 1c ). At the turn of the 21st century, people born during the period of the second population boom (1980s) were replenishing the group of people fit to work. This is why still at the beginning of the decade the growth in the share of people aged 15 to 64 in the total population was observed. However, after the periods of constant growth up to 2010, a decline in this rate was observed. With respect to the determination coefficient, these changes are well described by the following second degree polynomial y t = -0.0251t 2 + 0.6127t +67.439; R 2 = 0.9830. Considering the shaping of the birth rate, which is an important element of population growth, it ought to be stated that in the studied period, changes in this parameter had a varied nature (Figure 1e inhabitants was observed again. Similar tendencies are evident in the case of the theoretical fertility rate which, as is generally known, since 1980 has not guaranteed the simple replacement of generations. Currently this rate is in Poland at the level of 1.26, which means that there are 126 children born by 100 women of childbearing age (Figure 1f) .
Infant mortality has been constantly declining since the 1990s when our country started to reach the level of other states of Western Europe. The mortality rate of infants younger than 1 year old fell to 4.6 per 1000 live births, while in 2000 it was over 8 per million (Figure 1g ). Although the level of infant mortality in Poland has been gradually decreasing and the pace of decrease is higher than the mean for the states of the European Union, the rate in Poland is still higher than the mean rate in the European Union (in 2013 -3.8 per 1000 live births).
Between 2000 and 2013 a constant decline in total mortality was also observed (Figure 1h ). The death rate standardised by a European model of age structure decreased in total from 1657 to 1284 deaths per 100 thousand people, which represents a fall by one fifth. Tables 1 and 2 show the calculated forecasts of previously described demographic values with forecast errors for two subsequent periods of 2014 and 2015. On the other hand, Figures 1a -1h show the real values of the analysed volumes with the values of ex post forecasts. However, it should be mentioned that every time the forecasting method that provided the lowest forecast errors was applied. The analysis of data from Tables 1 and 2 allows for the statement that the method of creeping trend with harmonic weights is the best to forecast these values. In all cases the forecast errors are small (they were not higher than 1.5%), which means that the calculated forecasts are admissible. The curves of the values of ex post forecasts presented in Figures 1a-1h totally coincide with real values. Therefore the model of creeping trend with harmonic weights can be an efficient tool for forecasting the studied demographic processes. This model is quite flexible and has an adjustment capability both in the case of irregular changes in the direction and the speed of trend and when the course of the phenomena is not stable enough.
Presentation and assessment of forecast results
It results from the data of the Central Statistical Office that the number of births ceased to grow for the first time in 2010. Between January and June 2014, 186.9 thousand children were born, that is 5.5 thousand more than in the same period of the previous year. The growth may not be impressive but we can expect that this positive trend will be maintained. Currently people in their thirties make the decision about having children. They realise that they cannot wait any longer to be parents. At present, the generation of the second population boom of 1979 to 1984 when there were between 690 thousand to 700 thousand children per year, are in their thirties. In 2014 the situation was even better than in 2013 when in twelve months Polish women gave birth to only 370 thousand children. This favourable trend could be influenced by the introduction of the one year long paternal leave. It might have encouraged some groups of people to make the decision about being a parent. It can also perform such a function in the future. Therefore the forecasts of growth in birth rate and fertility rate with the use of the method of harmonic weight may prove successful.
Observing the shaping of mortality rates (Figure 1g, 1h) it can be noticed that their values have been constantly decreasing since 2000 and according to formulated forecasts this tendency shall remain the same in subsequent years.
Regardless of the forecasting method, in the next few years the share of people aged 65 and older in the total population will be growing, which means that the process of population ageing will be progressing. This is also proved by the results of the latest population projection for 2014-2015 developed by the Central Statistical Office 3 . According to the projection, the share of elderly people in the total population will grow from 15.3% in 2014 to 18.8% in 2020, reaching the level of 32.7 percentage points in the middle of the 21 st century. This means that every third person in Poland will be aged 65+.
Population ageing is an irreversible process. It has a global character and results mostly from the decrease in the number of children born per woman and the increase in average life expectancy. This process is also affected by the population explosions and population declines of previous periods and migrations abroad [Frątczak 2002; Kurek 2008] . This remarkable increase in the number of elderly people brings a lot of challenges to a broadly considered social assistance. In gerontological studies, attention is drawn to the growing demand on assistance services associated with limited mobility and self-service capabilities that are growing, together with the progressing population ageing. As a result of the increase in the ratio of people aged 80+ it can be expected that in the near future the number of elderly people with disabilities will increase. They form one-person households and therefore will need daily support in the future [Sojka 2013a; Kowaleski, Gajdzińska 2012] .
According to the forecast prepared with the use of adaptive methods, in the next two years population growth can also be expected (Figure 1a) . However, this results from Central Statistical Office data which show that 2014 was the next, third successive year, in which a decline in population by around 17 thousand people was reported. At the end of 2014 the population of Poland was 38,478.6 thousand. Comparing this value with the obtained projections, it ought to be stated that the smallest absolute error of ex post prediction was obtained while Brown's method was applied (-21.14 thousand), and then, the relative error was only 0.05%. In the case of other methods, relative errors of ex post projections were also observed on a very low level which allows for stating that determined projections are admissible.
Unfortunately the population projection developed by the Central Statistical Office for 2014, according to which the population was predicted to reach the level of 38 461.8 thousand also did not come true, even though the absolute error of ex post projection was slightly smaller and amounted to 16.8 thousand people.
Conclusions
Adaptive methods can be an efficient tool for demographic variables data forecasting. Among the applied methods, the method of creeping trend with harmonic weights ought to be considered the best as it gives the smallest forecast errors. Developed population projections show that the population potential in Poland will slightly increase between 2014 and 2015. Annual population growths will be respectively 36.4 thousand people in 2014, and will be 31.05 thousand in 2015 compared with the previous year. However, considering the actual data for 2014 and the population projection of the Central Statistical Office for 2015, according to which the population of Poland will further decline and will reach the level of 38,419 thousand, it ought to be stated that the population projections determined with adaptive methods will not prove to be true. On the other hand, the projections of growth in the birth rate and the rate of children born per woman will prove to be true. In 2014 the birth rate in Poland amounted to 9.7‰ and was by 0.1 per mill point higher in comparison with the previous year, whereas in the same year there were 129 children born per 100 women of reproductive age (aged 15-49) against 126 in 2013.
Quantitative relations between the major age groups of population (0-14, 15--64 and 65+) lets us determine relations between generations existing in society and assess the level of demographic senility. They also constitute the basis for the calculations of various rates describing the population ageing process.
In the forthcoming years, the process of population ageing, reflected in the decline in the ratio of children in the total population and the increase in the rate of elderly people, will be growing. However, these changes could be insignificant considering the fact that in 2013 the respective rates of the structure were 15% and 14.2%.
A gradual decline in population aged 15-64 and a decrease in the share of this age group in the total population will be the implication of the decline in the number of births observed for several years, as well as the ageing of people who were born during the post war population explosion. They will successively join the group of people aged 65+. This results from the aforementioned population projection by the Central Statistical Office for 2014-2050 that the rate of people aged 15-64 will decrease within the period of the projection horizon from 69.8% to 55.2%.
In the sphere of infant mortality and total mortality the declining tendency observed since 2000 shall remain favourable in the nearest future. Therefore in 2014, according to the forecast, there will be 4.45 deaths of children up to one year old per 1000 live births against 4.6 deaths in 2013. On the other hand, the standardised total death rate would decrease in 2014 by 12 deaths per 100 thousand people as compared with the previous year.
